Two dogs each had a fibrous tumor of the central nervous system. One tumor involved the spinal cord and ventral nerve root, and the other involved the midbrain and posterior brain stem. Both tumors had spindle-shaped cells arranged in rhythmic patterns. There was perivascular tumor cell infiltration in the adjacent parenchyma. The tumor cells strongly resembled fibroblasts and seemed to produce collagen. Because both tumors were near nerve roots and because their histological appearances were characteristic of nerve sheath tumors they were classified as central neurofibromas. Collagen producing tumors in the central nervous system mostly are confined to neoplasms of the meninges and associated structures [7, 231. True fibromas of the brain and spinal cord are rare. A recent review of the literature lists only 13 such cases in man, [13] and the existence of such tumors in animals is doubtful [7, 151.
: Large infiltrating extramedullary mass continuous with tumor tissue in cord occupying entire grey matter area. Dark structures enclosed in extramedullary growth are branches of ventral nerve roots. Gomori's trichrome.
Myotatic reflexes were exaggerated in left fore and hind limbs. The results of hematology, blood chemistry, cerebrospinal fluid and radiology were within normal limits. The dog was killed and necropsied.
Materials and Methods
Brain, spinal cord and samples of extraneural tissues were removed at necropsy of the two dogs and were fixed in 10 percent buffered formol saline. Blocks of the central nervous system and other tissues were embedded in paraffin and sectioned at 4 micrometers. Sections were stained with hematoxylin and eosin (HE), Gomori's trichrome, Wilder's reticulin, Lux01 fast blue-cresyl echt violet and Holmes' silver impregnation.
Several samples were removed from the formalin-fixed tumor in Dog 1, washed overnight in buffer solution, fixed in 1 percent osmium tetroxide for 1 hour, dehydrated in graded ethanols and embedded in epon 812. Sections, I-micrometer thick, were stained in toluidine blue and examined with the light microscope. Silver to grey ultrathin sections were cut from suitable areas, stained with uranyl acetate and lead citrate and examined with the electron microscope.
Results

Dog 1
A subdural space-occupying mass was found in the C6-C7 segments of the spinal cord. This mass consisted of two continuous parts ( fig. 1 ). One part was an extramedullary, firm spherical mass, about 0.5 centimeters in diameter and white on cut surface, that infiltrated the right ventral aspect of the cord. The other part was entirely within the spinal cord, replacing the grey matter in the C6-C7 area. Microscopically, the extramedullary part of the tumor enclosed several branches of the ventral nerve roots, was sharply defined at its outer border and was separated from the arachnoidal space ( fig. 1 ). The tumor had uniform spindle cells rhythmically arranged in interlacing bundles. The intramedullary part was composed of similar cells, arranged in some areas in streams and bundles separated from each other by degenerating nervous tissue that contained intact nerve cells ( fig. 3 ). In some parts of the tumor, tissue consisted of randomly arranged widely separated cells. In other parts, especially in the border, the neoplastic cells were concentrically arranged around blood vessels ( fig. 4 ). The tumor seemed to infiltrate surrounding tissue with projections of densely packed tumor cells along the vasculature ( fig. 4 ). Many vessels in the surrounding nervous tissue had thick vascular sheaths of tumor cells ( fig. 4 ) that had elongated nuclei with a well-defined nuclear membrane and granular chromatin ( fig. 6 ). The cytoplasm consisted of slender bipolar processes ( fig. 6 ). Mitoses were rare. There was an abundance of fibrous material, which stained light green with a trichrome stain and light brown with a reticulin stain. A concentration of collagenous fibers separated the vessel walls from the perivascular tumor infiltrates ( fig. 4 ). Reticulin fibers were not seen in association with tumor cells.
Ultrastructurally the tumor had cell-rich areas and cell-poor areas with wide intercellular spaces ( fig. 7) . The chromatin in the nuclei was condensed on the nuclear membrane and dispersed in large and small clumps throughout the karyoplasm. The nucleolus was distinct. The cells had a thin rim of cytoplasm around the nuclei, long slender bipolar processes and numerous cell organelles ( fig. 7, 8) , including mitochondria, Golgi complexes, smooth endoplasmic reticulum, vesicles and fibrils, and large amounts of rough endoplasmic reticulum. Many of the cisternae of this reticulum contained electron-dense, fine granular material. There was often close contact between the cytoplasmic membranes of adjacent cell processes with numerous junctional complexes such as desmosomes and hemidesmosomes ( fig. 8 , inset). The intercellular spaces contained much fibrillary material, which was composed of fine fibrils of different caliber and density and of numerous bundles of thick fibers with the characteristic appearance and periodicity of collagen ( fig. 7 , 8) . These fibers were often close to the cytoplasmic membrane of the tumor cells ( fig. 8 , inset), but there were no basement membranes. There was dense concentration of collagen between the capillary walls and perivascular tumor sheaths. Degenerative changes of the nervous tissue were seen in the infiltrated areas but there was no close relationship between tumor cells and nerve fibers.
Dog 2
No lesions were seen at necropsy. On sectioning of the formalin-fixed brain a large space-occupying mass about 1.2 centimeters at its greatest diameter was found in the midbrain, rostra1 half of the lower brain stem and central cerebellar area on the left side ( fig. 2) . It involved the upper two thirds of the tegmentum and of the rostra1 parts of the medullary and pontine area where the tumor bordered the fourth ventricle. Caudal to this, the mass involved the dorsal parts of the medulla and the ventral half of the central cerebellar area, which included the cerebellar peduncles. The tumor was grey-white on its cut surface and was well demarcated.
The tumor seemed to be entirely intracerebral. At the midbrain a small part of the tumor reached the subarachnoid space, which was slightly infiltrated with neoplastic cells. At the fourth ventricle the medial and dorsal border of the growth was sharply defined by the ependymal layer. The most proximal part of the trochlear nerve ran along the dorsal surface of the tumor at the inferior colliculus ( fig. 2) . The exits of the other cranial nerve roots were not involved. The microscopic appearance of the tumor was similar to that of the tumor in Dog. 1 (fig. 5 ) . The tumor had spindle-shaped cells arranged in rhythmic patterns. There were cellrich and cell-poor areas and concentric perivascular sheets of tumor cells. There was the same type of infiltrative destructive growth by cell dense protrusions. Abundance of fibrous material also was demonstrated with connective tissue stains.
Discussion
Histological and ultrastructural examination showed that both tumors were composed mainly of fiber-producing cells. The well developed ergastoplasm with Fig. 8: Nucleus (N) 
and large tumor cell process (C) containing numerous cell organelles. Many collagen bundles (arrowheads) in intercellular space. Uranyl acetate and lead citrate. Inset: Several closely opposed tumor cell processes with intracytoplasmatic fibrils (black arrow) and well developed junctional complexes (white arrow). Cross-sectioned collagen fibers (CO) near cytoplasmic membrane. Uranyl acetate and lead citrate.
much rough endoplasmic reticulum, and the abundance of intercellular fibrous material indicated the secretory activity of the tumor cells. This material contained large amounts of well differentiated collagen fibrils; the general morphological appearance of the tumor cells closely resembled that of fibroblasts in normal connective tissue [16, 20] and in fibroblastic tumors [6, 10, 11, 19, 24] . Intercellular junctional complexes have been seen in other mesenchymal neoplasms [6, 101 and also have been reported in a human cerebellar fibroma [13] .
A possible source of fibroblasts in the central nervous system is the meninges. The tumors in our dogs, however, did not involve the meninges.
The cells in our tumors could have arisen from the blood vessel walls, either from fibroblasts or from undifferentiated mesenchymal cells normally in the adventitia [20] . Undifferentiated mesenchymal cells have been shown to produce fibroblasts in wound healing under experimental conditions [21] . The perivascular arrangement of the tumor cells in some areas, although suggestive of vascular origin, could merely reflect the tendency of infiltrative tumors in the central nervous system to follow the vascular system [7, 231. In view of the extensive neoplastic involvement of the ventral spinal nerve root in Dog 1 and the close topographical relationship of the second tumor to several cranial nerve roots, the peripheral nerve tissue has to be considered the source of the neoplastic cells. Indeed, the histological appearance of both tumors with the spindle-shaped cells arranged in rhythmic patterns is similar to that of nerve sheath tumors in different animal species, including the dog [7, 12, 151. Central location of these tumors has been reported in man but is rare in animals [8, 171 . Several ultrastructural studies in man indicate that the active neoplastic cell in such tumors, including the neurofibromas in von Recklinghausen disease is the Schwann cell [4, 9, 181. The prominent fibrous content in some of these neoplasms, according to some authors, is thought to be because of excessive production of collagen by the Schwann cells [9] . It has been demonstrated in tissue cultures that this cell is capable of producing at least collagen precursors [2] . Chemically induced nerve tumors in laboratory animals also are essentially Schwann cell tumors [3, 14, 221 . Ultrastructural data on spontaneously occurring nerve sheath tumors in animals are not available in the literature. The tumors in our dogs did not contain Schwann cells. Reticulin fibers in close association with the neoplastic cells were not seen in either tumor. Reticulin fibers are known to be histologically equivalent to basement membrane material [ 11. Basement membranes are characteristic of Schwann cells [4, 9, 181, but these were not found in our tumors. Other ultrastructural features typical for Schwann cells in normal and neoplastic tissue such as lamellated interdigitating cell processes, close relationship to nerve fibers and "long-spacing" collagen fibers also were absent [4, 5, 9 , 18, 231. Intercellular junctional com-plexes, which were numerous in our spinal cord tumor, are not a regular feature of Schwannomas [3] . Although there is good morphological evidence for classifying our tumors as fibromas, the direct involvement of the spinal nerve root by the first tumor and the close relationship of the second with the cranial nerves (especially the trochlear nerve) justifies the term neurofibroma.
The problem of whether fibroblasts or Schwann cells are the main constituents of nerve sheath tumors seems to be one of semantics in view of the suggestion of others that both Schwann cells and fibroblasts in nerve tumors may be specializations of the same undifferentiated stem cell [3] .
